Abstract.-.rlmorphous Aq-Te films were obtained by diffusing Ag atoms at 203K from an already d.epositec?. cr!?stalline Ag film into the oncoming Te atom vapor or by diffusing Ag atoms into an amorphous Te film. When the Ag fi1r.1 is deposited. first, ~.onitoring in-situ the resistance of the Ag fi1.n while depositing Te establishes unanbiguously that it is Ag that diffuses into Te. The Ag diffusion rate at 300K is 4x105 R2 sec-l with an activation energy of 0.3 eV. The temperature of 203K is high enough to allow sufficiently rapis diffusion and low enough to result in an amorphous film. All amorphous Ag-Te films displa variable range hopping (resistivity proportional to exp(To/T)g).
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Introduction.-Bolotov and Kozhin (1) reported a phase transformation in thin silver-tellurium films. Actually, they observed that if Ag was evaporated onto an already deposited polycrystalline Te film, one is left with a mixture of crystalline Ag and Ag2Te. On the other hand, if Te is evaporated onto an already deposited polycrystalline Ag film, one obtains a homogeneous amorphous film. This result was explained by assuming that Te has a high diffusion coefficient in the atomic state and is therefore able to diffuse into the Ag before forming a continuous film. The present experiments will establish that on the contrary, it is the Ag which diffuses and that amorphous Ag-Te films can be obtained irrespective of the order of deposition. Furthermore, the measured Ag diffusion coefficient is very high, sug esting an ionic Ag diffusion in agreement with a diffusion study of Ag9 ions in crystalline Ag2Te (2).
Experimental Procedure.-Most of the films of the present study were aepcsited by getter-sputtering on sapphire substrates at temperatures ranging from 77 to 300K. The in-situ resistance was measured by first attaching 4 leads to In contacts made on the sapphire substrate with an ultrasonic soldering iron. A chromel-alumel thermocouple was mounted in a similar way on the substrate to monitor the actual deposition temperature. The substrate was mounted on a copper table with Air Products thermal grease; nitrogen gas was circulated through liquid nitrogen and then through the copper table at various rates to achieve the different deposition temperatures. The highest Te sputtering rate was 900i/min. and the fastest Te deposition was achieved by evaporation (50i/sec). The amorphous state of the films was established by x-ray and electron diffraction. resistance is proportional to the TIME (mm)
remainins pure As film thickness.
A plot of inverse resistance as a Ffg. 1 Inverse resistance as a funcof time is shown in tion of the Te sputtering time. Fig. 1 for two deposition temperatures (TD) and two Te sputtering rates.. The first point to be made about the data shown in Fig. 1 is that the decrease in the Ag film thickness is linear in tive and that at 300K this linear behavior persists throughout the lOOOA thick Ag film. This in itself suggests that it is not Te which diffuses, since if this were the case one would expect a parabolic time dependence. It is also clear from Fig. 1 that the departure grom linearity occurs at a smaller film thickness for lower TD ( 2 4 5 0~ for 273K) . This fact will be used later on to estimate the activation energy. The slopes of the linear portions of the curves shown in Fig. 1 which are equal to the rate at which the Ag film thickness diminishes are plotted in Fig. 2 as a function Fig. 3 . Extrapolation of the diffusion data shown in Fig. 3 yields a diffusion constant of 4x105 x2
sec-l at 300K. This diffusion rate at 300K corresponds to a speeg of 400i sec-l through a lOOOA film which exceeds the fastest Te deposition rate available. At higher temperatures the activation energy can also be determined by measuring the thickness at which the Ag consumption rate deviates from \ linearity (Fig. 1) . Such mea- the two methods are in good Fig. 3 Ag diffusion rate and deviaagreement. The high value of tion from linearity as a function of the diffusion constant suggests temperature.
an ionic Ag diffusion similar to that reported in crystalline a-Ag2Te (2). The lower value of the diffusion constant and the higher value of the activation energy measured in the present experiments could be caused by the amorphous nature of the Ag2Te film formed during Te deposition.
When Ag is deposited first, amorphous Ag-Te films are obtained by sputtering Te at 203K. This temperature of 203K is high enough to allow sufficiently rapid Ag diffusion (kl20fl/min) and low enough to result in an amorphous film. The maximum Te concentration attainable in this case corresponds to Ag2Te (because of the stability of this compound (3)) and such films usually recrystallize before reaching 300K. On the other hand, deposition of Te first at 77K followed by the deposition of Ag at 203K allows the formation of amorphous films with the composition AgTe which remain amorphous at 300K. The reason why previous experiments (1) failed to obtain an amorphous film when Ag was deposited last is most probably due to the fact that such experiments used evaporation and the evaporation of Ag requires much more power than that of Te and causes the film to crystallize. Finally, all amorphous Ag-Te films irrespective of the order of deposition ?isplay variable range hopping (resistivity proportional to exp(~,/~)~) with To ranging between 3x108 and 3x109~. An example of variable range hopping is shown in Fig. 4 for each order of deposition. When Ag is deposited first followed by the deposition of Te at 203K the film is measured in the as-deposited state, i.e., it is cooled from 203K to liquid helium temperatures and the resistance is measured withoutanneal up to TD = 203K. The rapid decrease of the resistance close to room temperature corresponds to the partial microcrystallization of the sample mentioned above. On the other hand, when Te is deposited first, one can obtain amorphous films with the composition AgTe which remain amorphous at room temperature. As shown in 
